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Mon  i  tor  ing of ra  di  a  tion lev  els in and around the nu  clear re  search re  ac  tors is es  sen  tial to safe  -
guard ing  life  and  the  en vi ron ment.  Back ground  ra di a tion  mon i tor ing  at  the  Pa ki stan  In sti tute
of Nu  clear Sci  ence & Tech  nol  ogy (PINSTECH) has been car  ried out since the early six  ties, be  -
fore the crit i cal ity of the 5 MW Pa ki stan Re search Re ac tor, so as to con firm the safe op er a tion of 
PINSTECH nu  clear fa  cil  i  ties. In the pres  ent study, am  bi  ent dose rate lev  els were mea  sured
around PINSTECH by us  ing TLD–200 (G-2 cards) in  stalled at 15 dif  fer  ent lo  ca  tions over a
five year pe  riod (1998-2002). The mean dose rates for in  di  vid  ual lo  ca  tions in the said pe  riod
ranged from 0.14 ± 0.01 to 0.19 ± 0.03 µSv/h, with a mean value of 0.16 ± 0.03 µSv/h. The cu  -
mu la tive  av er age  an nual  ef fec tive  dose  equiv a lent  spread over 5 years was 204.4 ± 17 µSv. The
data were com  pared with the world and av  er  ages in other coun  tries. It was con  cluded that,
from the health haz ard point of view,  the op er a tion of re search re ac tors and other nu clear fa cil i -
ties at PINSTECH pres  ents no risk to pub  lic health.
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IN TRO DUC TION
Hu mans have been ex posed to en vi ron men tal ra -
dio ac tiv ity from the be gin ning of time. Am bi ent doses
nor mally  orig i nate  from  nat u ral  (cos mic/ter res trial)
and  man-made  sources.  Cos mic  ra di a tion  orig i nates
from outer space and its in  ten  sity in the Earth’s at  mo  -
sphere var  ies with lat  i  tude and, to an even greater ex  -
tent, with al  ti  tude [1]. Ter res trial  ra di a tion  is  emit ted
from nat u ral radionuclides pres ent in vary ing amounts 
in  all  en vi ron men tal  ma te ri als  i. e. (soils, rocks, air,
wa ter,  etc.). Man-made sources, i. e. (fall  out from nu  -
clear  weap ons  test ing,  nu clear  ac ci dents,  nu clear  re -
search lab o ra to ries and di rect re leases from nu clear in -
stal la tions, etc.) can also con tam i nate the en vi ron ment
and in  crease the level of back  ground ra  di  a  tion [2].
The  Pa ki stan  In sti tute  of  Nu clear  Sci ence  &
Tech  nol  ogy (PINSTECH) is a multinuclear fa  cil  ity
where the 10 MW Pa  ki  stan Re  search Re  ac  tor
(PARR-1), Io  dine Pro  duc  tion Plant (IPP),  27 kW Pa  -
ki stan  Re search  Re ac tor  (PARR-2),  and  Ra dio ac tive
Waste  Man age ment  fa cil i ties  are  lo cated. 
The PINSTECH site is lo  cated at a lat  i  tude of
33°39¢ north and lon  gi  tude of 73°15¢ east, North  ern
Pa  ki  stan, its south-east  ern fringe 20 km from the fed  -
eral cap  i  tal Islamabad which, along with the city of
Rawalpindi, is a por  tion of the Pothohar pla  teau. The
build-up area of the in  sti  tute quad  ran  gle spreads over
nearly 46 000 m2 and oc  cu  pies an area of 1.98 km2 of
which 1.58 km2 is ear marked for the In sti tute it self and 
0.4 km2  as a res i den tial col ony.  The pop u la tion within
the 8 km was 80246 (1998 cen  sus) with a pro  jected
growth rate of 3% to reach ~90236 per  sons in 2002
[3]. To check the safe op er a tion of the PINSTECH nu -
clear fa cil i ties, a net work of 15 thermoluminiscent do -
sim  e  ters (TLD) sta  tions within 1 km were in  stalled
(1998-2002), in or  der to pro  vide data on the nat  u  ral
back ground  ra di a tion  level  and  de ter mine  the  con tri -
bu  tion of the dose to the pub  lic from said sources.
Now a days,  well  char ac ter ized  and  cal i brated
TLD  are  used  world wide  for  en vi ron men tal  mon i tor -
ing, since they can mea  sure doses as low as 0.01 mSv.
The ad  van  tages of TLD over other tech  niques are: the
lin  ear  ity of their re  sponse to doses, rel  a  tive en  ergy in  -
de pend ence,  sen si tiv ity  to  low  doses,  re us abil ity,
small size, low price and the ab  sence of any need for
in field  ser vic ing  [2,  4].
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cor re la tion  with  dif fer ent  weather  con di tions  pre -
sented.
MA TE RIAL  AND  METH ODS
The net work con sists of 15 field sta tions in stalled
about 1.5 m above ground, be  cause radionuclides pres -
ent in the earth and air ex  ert a ra  dio  ac  tive ra  di  a  tion in  -
flu ence at this height [5].  These  sta tions are dis trib uted
within and around the PINSTECH bound  ary, with a
dis  tance  of  98-793  m from the  re  ac  tor  stack  cen  ter
(60 m in height), as shown in (fig. 1). Sta tions have also
been set up all along the bound  ary, de  signed so as to
reg is ter  the  ra dio ac tive  cloud  from  all  di rec tions  [5].
Each field sta  tion con  sists of 3 sets of TLD. All
the do  sim  e  ters were wrapped in poly  thene sheets to
avoid any con  tam  i  na  tion. These were placed in a
Perspex holder and then in stalled at their spe cific lo ca -
tions. The TLD are made of cal cium flu  o ride and ac ti  -
vated with dys pro sium (CaF2: Dy). They are com mer -
cially avail  able as TLD-200 (G-2 card) and
man u fac tured by the HARSHAW Chem i cal Com pany 
(USA) [6]. Each  en vi ron men tal  do sim e ter  con tained
two TLD chips. All TLD were an nealed at 400 °C for 1 
hour, fol  lowed by 2 hours at 100 °C, so as to elim i  nate
all  re sid ual  sig nals  with out  af fect ing  TLD  sen si tiv ity.
The cards were cal  i  brated by us  ing the ir  ra  di  a  tion fa  -
cil ity  of  the  Sec ond ary  Stan dard  Do sim e try  Lab o ra -
tory (SSDL) with a 137Cs source. Af ter ir ra di a tion,  the
TLD were stored in the dark at room tem  per  a  ture (26
°C to 28 °C) for 24 hours. The cards were read us  ing a
TLD reader (HARSHAW 2000-B TLD Sys tem) un der 
a flow of ni  tro  gen gas at a con  stant pres  sure [2, 7].
The in  stalled TLD were rou  tinely re  placed with
new ones ev  ery three months. The col  lec  tion of old
TLD and their re place ment with new ones is a si mul ta -
neous pro cess. The re placed cards were eval u ated and
re sults  com piled.
RE SULTS  AND  DIS CUS SION
The field sta  tions are de  noted by code num  bers
from L-1 to L-15, as shown in fig. 1. Mea  sured am  bi  -
ent  dose  rates are listed in tab. 1. It  shows  that the
mean  dose   rates   ranged   from  0.14  ±  0.01  to  0.19  ±
± 0.03 µSv/h,with a mean value of 0.16 ± 0.03 µSv/h
which is twice as high as the back  ground level of
0.08,± 0.01 µSv/h. The back  ground level was based
on the shut  down pe  riod of PARR-1, from No  vem  ber
1990 to Oc  to  ber 1991, dur  ing which it was up  graded
from 5 MW to 10 MW  [3].
The  re sults  of  an nual  ef fec tive  am bi ent  dose
along with the dis  tance and di  rec  tion from the stack
(cen ter) around the PINSTECH bound ary are given in
tab. 2. The an  nual ef  fec  tive dose equiv  a  lent was es  ti  -
mated us  ing the fol  low  ing for  mula [8]
Deff = out  door doses ´  oc cu pancy  fac tor ´
                ´  ef fec tive  dose  equiv a lent  ´ to  tal time:
Deff = out  door dose (nGy/h) ´ 0.2 ´
JJJJJ    ´ 0.7 (Sv/Gy) ´ 8 760 (h/year).
where 0.2 is the out  door oc  cu  pancy fac  tor, 0.7 Sv/Gy
is the quo  tient of the ef  fec  tive dose equiv  a  lent rate to
the ab sorbed air-dose rate, and 8 760 are to  tal hours in
a year [8].
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Fig  ure 1. Lo  ca  tion map for mea  sure  ment of am  bi  ent
dose rate by TLD around the PINSTECH bound  ary
Ta  ble 1. Am  bi  ent dose rate [mSvh
–1] for a pe  riod
from 1998 to 2002
Location 1998 1999 2000 2001 2002 MEAN ± S.D.
L-1 0.16 0.14 0.13 0.14 0.15 0.14 ± 0.011
L-2 0.16 0.12 0.15 0.15 0.14  0.14 ± 0.015
L-3 0.13 0.14 0.18 0.16 0.17 0.15 ± 0.021
L-4 0.18 0.15 0.18 0.18 0.16 0.17 ± 0.014
L-5 0.13 0.1 0.14 0.19 0.28 0.16 ± 0.070
L-6 0.13 0.12 0.16 0.18 0.2 0.15 ± 0.033
L-7 0.17 0.15 0.17 0.21 0.23 0.18 ± 0.033
L-8 0.2 0.15 0.18 0.21 0.22 0.19 ± 0.028
L-9 0.12 0.11 0.13 0.21 0.21 0.15 ± 0.050
L-10 0.13 0.11 0.14 0.21 0.24 0.16 ± 0.056
L-11 0.12 0.13 0.16 0.24 0.23 0.17 ± 0.056
L-12 0.13 0.14 0.17 0.22 0.23 0.17 ± 0.045
L-13 0.16 0.09 0.16 0.18 0.2 0.15 ± 0.041
L-14 0.16 0.12 0.17 0.21 0.19 0.17 ± 0.034
Mean 0.16 0.12 0.16 0.19 0.20 0.16 ± 0.033The an  nual dose ranges from 110.4 to 297.4
µSv, with the mean value of 204.4 ± 17 µSv. It is ev i -
dent from the data that the dose rate at the same lo ca -
tion var  ied from year to year. This vari  a  tion may be
at trib uted to dif fer ent lev els of cos mic rays in dif fer -
ent sea  sons/weather con  di  tions. A grad  ual in  crease
in the trend of the data has been ob served for the an -
nual mean val  ues from 1998 to 2002. How  ever, in
1999, a slight de  crease was ob  served.
The re  sults for each lo  ca  tion are sum  ma  rized in
fig. 2 show  ing a com  par  i  son of the an  nual ef  fec  tive
dose in terms of max  i  mum, min  i  mum, and av  er  age
val  ues at each lo  ca  tion through  out the study pe  riod.
Fig  ure 2 de  picts that the lo  ca  tion-wise dose val  ues do
not show any def  i  nite pat  tern, al  though slight ran  dom
vari a tions were ob served. These vari a tions may be due 
to sea  sonal fluc  tu  a  tion in soil mois  ture bal  ance, me  te  -
o ro log i cal  con di tions,  as  well  as  the  vari abil ity  in her -
ent  in  the  place ment,  prep a ra tion,  and  cal i bra tion  of
TLD [2]. In ad  di  tion to these fac  tors, pre  dom  i  nant
wind di  rec  tion, an  nual re  lease and dis  tance from the
PARR-I stack also af fect the am bi ent dose mea sured at 
these  lo ca tions  [9].
Lo ca tion-wise  anal y sis  in di cates  that  the  max i -
mum am  bi  ent dose was found for field sta  tions L-11
and L-10. Per  haps this is due to the dis  tance of these
field sta tions from the stack,  i. e. 530 m with a SSE and 
535 m with a SE di  rec  tion, re  spec  tively, as well as to
the fact that these sites are lo cated near the Ra dio ac tive 
Waste Man  age  ment site and PARR-2. Fig  ure 2 also
shows that L-12, L-15, L-8, and L-7 have nearly equal
val  ues at dif  fer  ent dis  tances and di  rec  tions than other
lo ca tions. This maybe due to the fact that these sta tions 
are lo  cated at the most dom  i  nant wind di  rec  tions i. e.
W and SSW.
The four in di vid ual sites, L-1, L-2, L-3, and L-4,
with dif  fer  ent dis  tances and di  rec  tions, are lo  cated
within the in  ter nal bound  ary of the PINSTECH build  -
ings. They show a se  quence of in  creas  ing am  bi  ent
dose with re  spect to the dis  tance from the stack (cen  -
ter) of PARR-I, be  cause re  leases from the stack in  -
crease the dose level at far  ther dis  tances within the
lim ited area (1120  m is max. vi cin ity area), [9, 10] and
the same se quence is shown at field sta tions L-5,   L-6,
L-13, L-14, and L-9, lo  cated at the ex  ter  nal bound  ary
of the PINSTECH build  ings.  L-9,  with a dis  tance of
483 m and L-14, with a dis  tance of 745 m at an E and
EES  di rec tion,  re spec tively,  and  the  re main ing  sites
also show the same trend of equal dis  tri  bu  tion of the
dose at PINSTECH as shown in fig. 2.
A  typ i cal  quar terly  max i mum,  min i mum,  and
av  er  age vari  a  tion in the am  bi  ent dose rate for the pe  -
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Ta  ble 2. An  nual ef  fec  tive dose (mSv) for a period 1998-2002
S. No. Location D irec tion Distance
[m] 1998 1999 2000 2001 2002 Mean
1 L-1 SE 112 196.2 180.0 162.5 180.9 198.0 183.5
2 L-2 W 285 200.3 155.3 190.9 193.2 171.7 182.3
3 L-3 NNW 98 167.6 171.7 220.8 141.0 208.5 181.9
4 L-4 SW 320 220.8 204.4 223.8 230.0 205.4 216.9
5 L-5 NE 250 167.6 139.0 171.7 242.2 246.5 193.4
6 L-6 N 162 163.5 147.2 205.4 226.9 248.4 198.3
7 L-7 W 695 249.4 188.1 220.8 257.5 275.9 238.3
8 L-8 W 475 212.6 188.1 211.6 257.5 282.1 230.4
9 L-9 E 483 147.2 143.1 168.6 257.5 263.7 196.0
10 L-10 SE 535 163.5 143.1 153.3 266.7 294.3 204.2
11 L-11 SSE 530 151.3 159.4 205.4 297.4 288.2 220.3
12 L-12 SSW 595 163.5 171.7 205.4 269.8 282.1 218.5
13 L-13 S 770 204.4 118.6 196.2 223.8 251.4 198.9
14 L-14 EES 745 196.2 151.3 211.6 263.7 233.0 211.1
15 L-15 SSW 793 122.6 110.4 199.3 251.4 279.0 192.5
Mean 181.8 158.1 197.0 237.3 248.5 204.4
Standard deviation 33.1 26.2 22.5 40.0 37.8 17.5
Range (min.-max.) 122.6-249.4 110.4-204.4 153.3-223.8 141.0-297.4 171.7-294.3181.9-238.3
Fig  ure 2. Com  par  i  son of an  nual ef  fec  tive dose of each
lo  ca  tion  from 1998 to 2002riod from 1998 to 2002 is shown in fig. 3. There are
many fac  tors which dis  tort the dose rate un  der the in  -
flu ence  of  the  me te o ro log i cal  or  syn op ti cal  sit u a tion
or lo  cal sources of radionuclides and car  ri  ers from re  -
mote sources, etc. [5]. On the ba  sis of this study, the
av er age  an nual  ef fec tive  dose  for  dif fer ent  quar ters
was found to be in the fol low ing or der: 1st > 4th > 3rd  >
> 2nd. This is due to the fact that the 1st
(January-March) and the 4th (October-December)
quar  ters are mainly win  ter/au  tumn sea  sons in which
the cold weather may  af fect  the dose  rate for two rea -
sons. Firstly, the win  ter  mon  soon, in which air down  -
pour brings nat u ral radionuclides pres ent in the higher  
at  mo  sphere  down to the ground. Heavy pre  cip  i  ta  tion
of radionuclides re sults in higher con cen tra tions of ra -
don daugh  ters and their ac  tiv  ity at ground level. Sec  -
ondly, due to low  tem per a tures (3.9 °C to 32.7 °C), the
cool sta ble layer of air in the lower at mo sphere tends to 
limit the dis  per  sion of nat  u  ral air  borne radionuclides
[11]. These fac tors re sult in the in crease of the am bi ent 
dose rate dur  ing the win  ter sea  son. The 2nd
(April-June)0 and 3rd (July-September) quar  ters are
mainly spring and sum  mer months of the year with
tem per a tures rang ing from (17 °C to 39.7 °C).   In con -
trast to the win  ter sea  son, dur  ing sum  mer months air
streams are warm and mostly of mar  i  time or  i  gin and
con  tain less ra  dio  ac  tiv  ity [11]. Thus, the low  est am  bi  -
ent ra  di  a  tion level is to be ex  pected dur  ing these quar  -
ters.
A com  par  i  son of the pres  ent study with sim  i  lar
works us  ing the TLD tech  nique re  ported in  lit  er  a  ture
in coun  tries around the world is given in tab. 3. In the
case of Hong Kong [11] and It  aly [12], the mean val  -
ues of the ab  sorbed dose per hour are con  verted to an
an  nual rate. Ta  ble 3 shows that the pres  ent mea  sured
value is less then that of It  aly, In  dia [9], Ban gla desh,
Iran, China, Ja  pan, Den  mark, and the world av  er  age
[13]. The value ac quired in this study is slightly higher
than that of Hong Kong. All these coun tries have com -
pa  ra  ble re  sults, with the ex  cep  tion of China, Iran, and
Ban gla desh, where the val ues were found to be higher
than those re  ported for Pa  ki  stan and other coun  tries
world wide.
CON CLU SION
 The  mea  sured  val ues  of  an nual  ef  fec tive  am -
bi ent dose  at  PINSTECH  range from 110 to 297 µSv,
with the mean value of 204 µSv for the study pe  riod
from 1998-2002. These val  ues are less than world av  -
er  age val  ues. They are, thus, safe and pose no sig  nif  i  -
cant health haz  ard. On the ba  sis of this TLD study, it
was con  cluded that the op  er  a  tion of re  search re  ac  tors
and other nu  clear fa  cil  i  ties at PINSTECH pose no
health haz  ard.
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     Ta  ble 3. Com  par  i  son of the pres  ent study with dif  fer  ent coun  tries of the world
Name of country Latitude Longitude Annual dose [µSv] Reference
Hong Kong China 22.11 N 114.14 E 140.54 Wong et al., (1996)
North west Italy 41.54 N 12.29 E 753.36 Losana et al., (2001)
India (RAPS) 28.37 N 77.13 E 765 Basu et al., (1999)
Dhaka, Bangladesh 30.16 N 90.52 E 1576 Miah, M. I., (2001)
Isamabad, Pakistan 30.00 N 70.00 E 204.4 Present study
Ramser, Iran 36.54 N 50.40 E 10.200 UNSCEAR, (2000)
Yangjiang, China 39.55 N 116.20.E 3510 UNSCEAR, (2000)
Japan 36.00 N 138.00 E 430 UNSCEAR, (2000)
USA 39.91 N 77.02 W 400 UNSCEAR, (2000)
Denmark 55.41 N 12.34 E 330 UNSCEAR, (2000)
World average – – 390 UNSCEAR, (2000)
Fig  ure 3. Quar  ter wise com  par  i  sons from 1998 to 2002REF ER ENCES
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Tanvir A. MEMON, Halid HAN, Abdul XABAR, Pervin AHTER
ODRE\IVAWE  JA^INE  AMBIJENTALNE  DOZE  OKO  ISTRA@IVA^KIH 
REAKTORA  POMO]U  TERMOLUMINISCENTNIH  DOZIMETARA
Nadgledawe nivoa zra~ewa u istra`iva~kim nuklearnim reaktorima i oko wih
nezaobilazno je u obezbe|ivawu `ivota i `ivotne sredine. Kontrola zra~ewa iz prirode u
Pakistanskom institutu za nuklearne nauke i tehnologiju sprovodi se od ranih {ezdesetih godina,
pre dostizawa kriti~nosti pakistanskog istra`iva~kog reaktora snage 5 MW, sa namerom da se
utvrdi siguran rad institutskih nuklearnih postrojewa. U ovom radu, prikazana su merewa nivoa
ja~ine ambijentalne doze oko Instituta pomo}u dozimetara tipa TLD-200 (G-2 karta) postavqenih
na 15 razli~itih mesta u periodu od pet godina (1998-2002). Sredwa ja~ina doza na pojedinim
mestima u nazna~enom periodu iznosila je od 0.14 ± 0.01 do 0.19 ± 0.03 mSv/h, sa sredwom vredno{}u od
0.16 ± 0.03 mSv/h. Kumulativna sredwa godi{wa, efektivna ekvivalentna doza, koja se odnosi na pet
godina, bila je 204.4 ± 17 mSv. Podaci su upore|eni sa svetskim i sredwim vrednostima u drugim
zemqama. Zakqu~eno je da sa gledi{ta zdravstvenog rizika, rad nuklearnih reaktora i drugih
nuklearnih postrojewa u Institutu ne predstavqaju opasnost za zdravqe stanovni{tva.
Kqu~ne re~i:  zra~ewe iz prirode, ja~ina ambijentalne doze, godi{wa efektivna doza, sezonska 
jjjjjjjjjjj jjjjjjjjjjjjpromena, istra`iva~ki reaktor, termoluminiscentni dozimetar